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FOREWORD 


This document was prepared by Martin Marietta Corporation, 
Denver Division under contract NAS1-13177, "Non-Metallic Materials 
Handbook” . The sponsor for this activity was the National Aero- 
nautics and Space Administration's Langley Research Center with 
Mr. Robert Magee, of the Viking Project Office, acting as 
Technical Monitor. 

The program was conducted in the Materials Secrix* with 
Mr. S. Podlaseck serving as Program Manager and Dr* ri, Vapazian 
the Principal Investigator. 

Significant contributions were made to the final document 
by Mr. T. Krol, who was responsible for much of the data 
gathering and reduction as well as assembly of the final docu- 
ment. 

This report has been reviewed and approved. 
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Dacron Fabric Tape Goodyear Aerospace D1 

Epoxy 

Ablefilm 501-1 Ablestik Labs El 
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C7-4248 Hysol E7 

EA934 Adhesive Hysol Ell 

EA956 Hysol E17 
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Epo-Tek H72 Epoxy Technology, Inc E39 

Epo-Tek 417 Epoxy Technology, Inc E43 
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FM-40 Am. Cyanamid Co E51 
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Stycast 1090/Cat. 11 Emerson & Cuming, Inc E63 

Stycast 1263/Cat. 31 Emerson & Cuming, Inc Eo9 
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Trucast 111M/901 Fenwal, Inc E84 

Trucast 111M/902 Fenwal, Inc E88 

Epoxy Phenolic 

HT424 Adhesive Film Am. Cyanamid Co Epl 
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Aclar Fii.m Allied Chem. Corp FI 

Tedlar E.I. duPont F5 

Viton A, Parker Parker Seal F10 

Compd, V747-75 

Viton A, Parker Parker Seal F15 

Compd, 77-545 

Viton A, Parker Parker Seal F20 

Compd 

M11-R-25897E 
Type 2 Class 1 

Polyamide 

Nomex Thread Indian Head Mills PI 

Mil-T -43636 

Vel-Cro Pilf Hartwell Corp P5 

M11-F-21840C 
Class 2 

Phenolic 

Adlock 851 Am. Reinforced Plastics. . . . Phi 

F502/A120 Prepreg U.S. Polymeric, Inc Ph7 

Polyimide 

Kapton H Film E.I. duPont Pil 

Polyimide ( Porous) Dixon Corp Pi6 

Polythermaleze Wire Belden PilO 

Insulation 

TR150-25 Thermo Resist, Inc Pi 14 

Vespel SP-1 E.I. duPont Pil8 

#92 Tape 3M Co Pi29 

Polyurethane 

CPR 17-2C Upjohn Co Pul 

Eccofoam FPH/12-6H Emerson and Cuming Inc Pu6 

Solithane 113/C113- Thiokol Chem. Corp Pul3 
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Silicone 

Cho-Seal 1224 Chomerics Inc SI 

DC6-1102 Dow Corning Corp S10 

DC6-1104 Dow Corning Corp S14 

DC6-1106 Dow Corning Corp. S18 

DC92-007 Dow Corning Corp S23 

DC93-500 Dow Corning Corp S29 

MS 40G08 Moxness Products Inc S34 

Silicone Tape, Moxness Products Inc S38 

Series 600 

FTV-511, Modified G.E. Co S43 

ZP 5044 Silicone Zero Mfg S49 

Gasket 

Teflon 

Teflon Lacing Tape Western Filament Corp T1 

Teflon Sheet TFE Dixon Corp T7 

Mil-P-22241 

Teflon Tubing FEP Penntube Til 

Miscellaneous 

Diall FS-80, Black Micro Plastics Inc Ml 

Mil-P- 19833, Type 
GOI-30 

LubeLok 4306 Electrofilm Inc M7 

Min-K-2000 Johns-Manville Mil 

P292 Tape Permacel M17 

Parylene C Union Carbide Corp M21 

Vac Kote Type II Ball Brothers Inc M25 
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1. 

Vacuum TGA 

V7U/23P 

2. 

Mass spectra of volatiles 

V70/23P 

3. 

Nitrogen TGA 

V70/23P 

4. 

DTA 

V70/23P 

5. 

Isothermal weight loss in 
nitrogen 

V70/22P 

6. 

Vacuum condensables 

V70/2LP 

7. 

Corona resistance 

A STM D1868 

8. 

Dielectric strength 

A STM D149 

9. 

Dielectric constant 

A STM D150; ASTM 1673 

10. 

Dissipation factor 

A STM D150 

11. 

Insulation resistance 

ASTM D257 

12. 

Surface and volume resistivity 

ASTM D257 

13. 

Adhesion 

FTMS 141 Method 6304.1 

14. 

Bearing strength 

FTMS 406 Method 1051 

15. 

Bend test 

FTMS 141 Method 6304.1 

16. 

Compression set 

ASTM D395 

17. 

Compression strength 

ASTM D695 ; ASTM 1621; ASTM C165 

18. 

Creep 

ASTM D674 

19. 

Dimensional stability 

ASTM C548 ; ASTM C356 

20. 

Emissivity and absorptivity 

V71/96P; V71/97P 

21. 

Flexibility 

FTMS 141 Method 6221 

22. 

Flexure 

ASTM D790 

23. 

Hardness 

FTMS 601 Method 3C21 
ASTM D785 and D2240 

• 

CM 

Lap Shear 

ASTM D1002 

25. 

Moisture resistance 

ASTM D570 

26. 

Peel 

ASTM D1876 

27. 

Knot breaking strength 

(MMC) STM F420 

• 

00 

CM 

Scratch 

FTMS 141 Method 6304.1 

29. 

Solvent resistance 

ASTM D471 

30. 

Specific gravity 

ASTM D792 
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31. 

Tear 

ASMT 

D624 


32. 

Tensile 

ASTM 

FTMS 

D412 ; ASTM 
191 Method 

D638 

4102 

33. 

Thermal conductivity 

ASTM 

C177 


34. 

Thermal expansion 

ASTM 

D696 


35. 

Water absorption 

FTMS 

406 Method 
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PAGE 

ADHESIVE: 

HT424 Film Epl 

Able film 501-1 El 

Abietilm 517 E5 

EA 934 Eli 

EA 956 E17 

EC 2216 E21 

Epocast 203 E31 

Epo-Tek H72 E39 

Epo-Tek 417 E43 

FM-40 E51 

TR 150-25 Pil4 

SEALS AND GASKETS: 

Cho-Seal 1224 SI 

MS40G08 S34 

ZP 5C44 Silicone S49 

Viton A Parker Compouud V747-75 F10 

Viton A Parker Compound 77-545. F15 

Viton A Mil-R-25897F, Type 2 Class 1 F20 

POTTING AND ENCAPSULATING: 

Eccofoam FPH/12-6H Pu6 

CPR 17-2C Pul 

Epocast 203 ..... E31 

ES-222 E47 

Stycast 1090/Cat . 11 E63 

Stycast 1263/Cat. 31 E69 

Stycast 2850 FT/Cat. 9 E73 

Stycast 2850 FT/Cat. 11 E78 

Trucast 111M/ 901 E84 

Trucast 111M/902 E88 

CONFORMAL COATINGS: 

Parylene C M21 

C7-4248 E7 

Solithane 113/C113-300 Pul3 

LUBRICANTS: 

Lube Lok 4306 M7 

Vac Kote Type II M25 
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PAGE 

COATINGS AND FINISHES: 

DC92-007 S23 

RTV-511, Modified S43 

SEALANTS: 

DC6-1102 S10 

DC6-1104 SI4 

DC6-1106 S18 

DC93-500 S29 

ELECTRICAL INSULATION: 

Diail F3-80, Black Mil-P-19833 Ml 

Polythermaleze Wire Insulation PilO 

#92 Tape Pi29 

Silicone Tape, Series 600 S38 

Teflon Tubing FEP Til 

Vespel SP-1 Pil8 

P-2C2 Tape M17 

THERMAL INSULATION: 

Min-K-2000 Mil 

STRUCTURAL LAMINATES: 

Epon 828/MPDA/120 Fiberglass Cloth E35 

Ad lock 851 Phi 

F502/A120 Prepreg Ph7 

PRINTED CIRCUIT BOARD: 

EG818 T E27 

FILMS AND FABRICS: 

Teflon Sheet TFE Mil-P-22241 T7 

Kapton Hlilm Pil 

Nomex Thread. PI 

Aclar Film FI 

Tedlar F5 

Dacron Fabric Tape D1 

MISCELLANEOUS: 

Polyimide (Porous) Pi6 

Teflon Lacing Tape T1 

Vel-Cro Pile, M1I-F-21840C Class 2 P5 

MF 500F-124 Microwave absorber 

M-9-N/Catalyst A E55 


INTRODUCTION 


This handbook is a compilation of chemical and physical 
property test data obtained during qualification and receiving 
inspection testing of nonmetallic materials for the Viking Mars 
Lander (NAC1-9000) program at the Denver Division if Martin 
Marietta Corporation. The compilation presented here is unique 
in that all tests have been carried out by one group of test 
personnel. This familiarity with all test procedures and mate- 
rials minimizes the possibility of unintentional modifications 
of test techniques and misinterpretation of data and their pres- 
entation. 

This document contains data on the following types of 
materials: sealants, potting compounds, lubricants, paints and 

finishes, inks, films, fabrics, encapsulants , elastomers, struc- 
tural plastics, ablatives, adhesives, and electrical and thermal 
insulators. 

The information presented has, as a minimum, t-hermochemica 1 
data shoeing degradation as a function of temperature from room 
temperature through 500°C. These data in- mde activation energies 
for thermal degradation, rate constants, and exo- and/or endo- 
therms. Tnermal degradations carried out under vacuum include 
mass spectral data taken simultaneously during the decomposition. 
Many materials have supporting data such as condensation rates of 
degassed products and isothermal weight Joss. Changes in 
mechanical, electrical and thermal properties after exposure to 
135°C in nitrogen for times ranging from 38G to 570 hours are 
included for many materials. 

Over 400 organie/rolymeric materials were considered for use 
throughout the Viking Mars lander capsule program. Considering 
the variety of mechanical, electrical and thermal property meas- 
urements required, conventional vacuum tests techniques would he 
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prohibitive from the standpoint of both cost and schedule. Unique 
facilities for determining physical properties in-situ were devel- 
oped to handle the environmental exposure and material qualifi- 
cation test requirements established for the Viking Mars lander 
capsule. Since the capsule is almost completely inactive during 
cruise from Earth to Mars and few mechanical or electrical 
stresses are developed during this phase, the then::;.! vacuum 
environment is the only simulation required. The system developed 
separated the environmental conditioning from testing and provided 
for transfer of specimens between conditioning and testing cham- 
bers without exposure to atmosphere. It is described later. 

DISCUSSION OF TEST METHODS 


I. Thermochemical Data 

A, TGA: Thermogravimetric analysis (TSA) is the continuous 


weighing of a sample while it is 



Figure 1 

Schematic of TGA-RGA Apparatus 


being heated at a fixed heating 
rate, e.g., 10°C/min. During 
this process, the sample loses 
weight continuously, beginning 
and ending at temperatures 
peculiar to the sai pie material. 
Figure 1 is a schematic of the 
system used. 
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Figure 2 

TGA Curve for a Silicone 


Figure 2 shows the TGA curve 
for a silicone. This material 
thermally decomposes in a two- 
step process; the dotted line 
depicts the end of the first 
reaction. The second reaction 
may be the decomposition of the 
product of the first reaction 
or it may be different compo- 
nent of the original material. 

The simple first-order kine- 
tic equation 

dx o 

dt (a Q -x) (x) 


has been found to be adequate for describing the decompositions. 

In this equation, k^ is the rate constant at temperature T, dx/dt 
is the rate of weight loss, x is the weight loss, and a Q is the 
initial amount of the "active component." The active component 
is that portion of the original weight of the sample that parti- 
cipates in decomposition. For decompositions with a simple TGA 
curve, the active component is taken as the total weight loss. 

For polymers where the TGA shows the degradation to be more than 
a one-step decomposition as in Figure 1, the initial weight of the 
active component a Q is taken as that portion of sample weight par- 
ticipating in the step. In Figure 2, these are designated as 
(a Q )j for the first decomposition and (a Q )2 ^ or the second step. 

In utilizing equation (1), the thermoanalyzer yields dx/dt from 
the DTG output, which is the electronically determined slop? of 

the TGA, x is obtained from the TGA curve, and a as described. 

c 

The rate constant is given by the "Arrhenius relationship" 
k - A exp(-||) time -1 (2) 


— ■ r 
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where A is a constant, usually called the frequency factor, R is 
the universal gas constant, T the absolute temperature, and AE is 
and energy term known as the activation energy of the process. 

If the rate constants, experimentally determined at several temper- 
atures, from Equation (1) are plotted against the reciprocal of 
absolute temperature (°K), the result is the Arrhenius relationship 
depicted in Figure 3. The slope of this plot yields the activation 

energy of the decomposition. 

Figure 3 shows the results 
obtained for the first reaction 
step of the decomposition for 
the silicone depicted in Figure 
2. The points on the plot are 
representative of the very large 
number of data points available 
from the TGA-DTG output of the 
thermoanalyzer. The larger 
slope is the activation energy 
for the decomposition of the 
polymer associated with (a^)}. 
The smaller slope results from 
degassing of "solvent" such as unreacted monomer, catalyst, etc. 

At the lower temperatures of the TGA test where this slope appears, 
x in Equation (1) is predominantly "solvent" loss whereas the 
amount of "solvent" is so small with respect to the amount of poly- 
mer that it does not affect a Q for the polymer degradation. Thus, 
when the "solvent" is degassed during the early stages of the TGA 
test, the Arrhenius relationship reverts to that for the degrada- 
tion of the polymer itself. 

Integration of the rate equation, Equation (1), yields 



Fil quits'* o 

Avivunius he Laii Obtained 
OGA Cun'c 


a - x * a 
o o 

where t is time. Then 
a - x 

-2— « i s the fraction remaining, 

o 


(3) 

(4) 
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Thus, when k is determined for a particular temperature, one can 
get the fraction of material remaining after a time, t, 

1 - e“kt x 100 = % weight loss. (5) 

As an example consider the question, what is the time required 
for a 1% weight loss at 150°C (423°K) for a silicone such as that 
depicted in Figure 2? From information given for the material in 
the Data Section we find that 
, „ o /— 6720 \ . -i 


k T - 0.8 e xp(“ K Y^7 ) min’* 1 


Therefore 


0.8 exp ( if 98x423 ) = 2 ‘ 63 X ^ min-1 ' 


150°C 


For 1% weight loss, the fraction remaining is 0.99 so e~kt = 
from which we find that kt - 0.01. Thus the time required is 


0.99, 


t = — 1 =• 38 min = 2.3 x 10 3 s. 

2.63xl0 -4 


\ 


• • T6A RmuHs 

O — — O taothtnnol Rtautts 
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Figure 4 compares TGA re- 
sults on approximately 10 mg of 
Dacron parachute material with 
an isothermal decomposition on 
approximately 4 gm of material 
at near normal use temperatures. 
The excellent agreement with 
the prediction of TGA is evi- 
dent. It should be noted that 
the TGA is able to predict rate 
constants at some 300°C lower 


io*/t*k temperature on realistically 

tijun' 4 sized samples. Predictive capa- 

A n*n-tu us ho La 1 1 onsc ip 

nonpar Inpi TJA c old Isothermal bility has been found for all 

Results jor Dacron materials so compared (see "Pre- 

diction of Polymer Degradation Kinetics at Moderate Temperatures 
from TGA Measurements , n H. Papazian, e/. App'h Polym* Fci.> 16 , 

2503, 1972). 


Fi^urt' 4 

Arrrh-ta us tie l>aii oust » tp 

TJA t oui Isothermal 
Fes'* its for Dacron 


5 


When the cure and postcure of two different batches of the 
same polymer are carried out in the same manner, the TGA curves 
are i ’entical. 

TGA tests were run at heating rates of 10°C/min for both the 
vacuum and nitrogen tests. Samples were prepared as small parti- 
cles scraped or cut to size to approximately 10 mg of total weight. 
Samples were preconditioned prior to TGA tests in several ways and 
are discussed for each material in the results section. For the 
nitrogen TGA tests, the flow rate for the nitrogen was 5.2 1/hr, 
During vacuum TGA tests, mass spectra were taken at 1-minute in- 
tervals (i.e., every 10°C). 

The TGA data in this document are presented in graphical form, 
similar to Figure 1, giving weight loss vs temperature from ambient 
to 500°C. A second curve having 10 times the sensitivity of the 
standard TGA curve is used to give an accurate display of the first 
10% of weight loss. This will give details of the early portion 
of the decomposition, which may be of importance in determining 
low temperature degassing, water absorption, etc. 

The TGA curves obtained under vacuum will have, in most cases, 
the associated pressure rises in the system during decomposition 
as well as the mass spectra of the volatilized material. 

B. Mass Spectra - Mass spectrometry, sometimes referred to as 
residual gas analysis (RGA) or evolved gas analysis (EGA), has 
been used to qualitatively characterize the volatile species as 
they are generated during the TGA test. 

When a volatilized molecule enters the ionization chamber (or 
region) of a mass spectrometer, is is impacted by energetic (70-eV) 
electrons. The molecule is thereby fragmented into its mass spec- 
trum. This mass spectrum is characterized by masses and their 
intensities. For example, H 2 0 is fragmented into masses 18 (H 2 0*), 
17 (0H + ) , 16 (0+) in the intensity ratio 18 * 100, 17 * 26, 16 31 6. 
Whenever a mass spectrum is observed with the masses 18, 17, and 
16 in the intensity ratio 100, 26, and 6. it may be identified as 
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water. Figure 5 depicts the mass 
spectrum of H 2 0 obtained with 70-eV 
electrons. The abscissa is labeled 
n/e to be consistent with the usual 
presentations. The ratio of mass- 
to-charge, m/e, is what is actually 
measured in the mass spectrometer. 
Since it is unusual for the charge 
e to be equal to 2, the m/ e ratio 
is usually the mass number or mass 
fragment. For simple molecules the 
analysis is quite simple. With in- 
creasing molecular weight and there- 
fore increasing complexity of the molecule, the complexity increases 
accordingly. In mixtures of such molecules, as are present in most 
polymeric systems, the analysis is exceedingly difficult. However, 
mass spectra used in conjunction with TGA data permit determina- 
tion as to whether samples from two different batches are identi- 
cal. This permits comparison of materials and how they were 
processed. 

Mass spectra can also be useful in determining degassirg prior 
to thermal decomposition. For example, one can determine how much 
H?0, solvent, unreacted monomer, etc remain in the material after 
processing, e.g., cure, postcure. 

On all TGA tests under vacuum, mass spectra are taken at 1- 
minute intervals, i.e., every 10°C. Since it is impractical to 
present these voluminous data, approximately seven temperatures 
are chosen along important parts of the TGA curve and mass spectra 
at these temperatures are presented in tabular form. 

C. DTA : Differential thermal analysis (DTA) indicates the 

heat changes taking place during the decomposition. An exotherm 
indicates a release of heat, and an endotherm indicates the absorp- 
tion of heat. This information is useful in determining the 
mechanism of the decomposition reaction. 



Figure 5 

Mass Spectrum of Water 
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DTA curves are obtained simultaneously with TGA under nitrogen 
and are presented in graptiical form for each material. 

D. Isothermal Weight Loss in Nitrogen ; The purpose of this 
test was to simulate the Viking lander sterilization conditions. 

Samples were preconditioned for 24 hours at 23°C (296°K) in 
45% RH for a baseline condition. Approximately 2 to 5 gm of sample 
was weighed and placed in a gastight system at 135°C (408°K). 
Nitrogen flowing at 5.2 £/hr was passed over the sample for 100 
hr (3.6 x 10 5 s) after which the sample was weighed to determine 
the weight loss. 

E. Condensible Outgassing : In many situations it is important 

to know what products of outgassing from a material are condensible, 
thereby leading to contamination of, for example* optical surfaces. 

Condensible degassing rates onto a gold-plated quartz substrate 
cooled to -125°C were determined using a quartz crystal microbalance 
(QCMB) . In this test, a 2 to 5 gm sample was placed in a small 
vacuum furnace and the temperature was elevated to 52°C (max mass 
lander temperature anticipated). The furnace was then sealed ex- 
cept for a small orifice above which the cooled QCMB was located. 

The condensation rate was monitored continuously until a constant 
deposition rate was established, the time ranging from 1 to 4 days. 

Figure 6 is a schematic diagram 
of the test apparatus. 

The results are presented 
in tabular form showing conden- 
sation rate (as % of original 
sample weight per day), temper- 
ature of the sample, and the 
duration of vacuum exposure 
prior to outgassing test. 



Figure 6 

CcHcnaLic of Condemn' i Ic Out - 

j? iti.i 
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II . Physical Property Tests 


Twenty-nine different physical properties have been measured, 
each material being tested for its particular use. These tests 
are listed in Table 1 on page i. Points at which property determi- 
nations were made include before and after heat compatibility and 
after a 1-month thermal vacuum exposure, with some data at 3-, 6-, 
and 14-month thermal vacuum exposures. The results for any material 
are presented in tabular form showing the property measured against 
the parameter of interest and the ASTM or FTMS designation for the 
test procedure. 

The thermal vacuum exposures were carried out in individual 
canisters. Four canisters were coupled directly to 50 l/s ion 
pumps and the remaining 28 were connected to 7-canister plenums, 
with each plenum attached to '• 400 £/s ion pump. Each system was 
capable of maintaining pressures in the 10“ 7 to 10“ Q torr range. 

Two 2. 5-in. -high vacuum valves between the canister and vac- 
uum plenum permitted the canister to be removed from the pumping 
system and transferred to the test chamber without altering the 
pressure in the canister or plenum. A recirculating hot water 
heater maintained canister temperatures between ambient and 150°F. 

The test chamber was constructed of 300-series stainless steel 
and consisted of two individual vacuum chambers separated by a 24-in. 
sliding gate valve. The main chamber was a nominal 5 ft in diameter 
and 7 ft long. The airlock chamber was 2 ft in diameter and 2 ft 
long, and a full opening door at the other end provided easy access 
to the chamber. 

The 6-sq-ft chamber view window had three tempered glass sec- 
tions each laminated of two layers of 0. 75- in. -thick glass. Twenty- 
nine flanges on the main chamber ranged in size from a 1.5- to 
8-in. tube size. The flanges were fitted with feedthroughs for 
high voltage, coaxial, high current, instrumentation, liquid ni- 
trogen, and nude ion gages. 
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A 10,000-lb universal test machine was coupled to the main 
chamber. The columns were shock isolated from the chamber with 
bellows, and the moving crosshead pull rod was attached to a bel- 
lows with a 14-in. stroke capability. Tensile, compression, flex- 
ure, and shear tests have been performed in this chamber. Elec- 
trical property tests, including dielectric strength, dielectric 
constant, and surface and volume resistivity, have been accom- 
plished with the aid of special fixturing developed for use in 
vacuum with the master/slave manipulators. Thermal expansion 
measurements of heat shield materials have been made using fix- 
tures designed to be handled with manipulators. Heating and cool- 
ing of test specimens was provided by radiant heaters (quartz 
lamps) and liquid nitrogen-cooled shrouds. 

Ill . Qualification Criteria Used for Viking Materials 

All proposed materials were given a screening TGA. There were 
no criteria for this test except judgment as to thermal stability. 
This judgment was based on how much weight loss occurred at the 
sterilization temperature and the temperature of the beginning of 
major decomposition of the material. 

Once a material passed screening, qualification of the mater- 
ial for the Viking program was undertaken. The material was sub- 
jected to tests of (1) isothermal weight loss in N? and (2) con- 
densible outgassing. If the isothermal weight loss was greater 
than 1% the material was rejected. If the condensible outgassing 
rate was greater than 1 x 1Q“ 4 %/day, the material was rejected. 

If the material passed these criteria it was permitted to undergo 
the physical property qualification tests that depended on the 
proposed use of the material. The criteria for the physical prop- 
erty qualification were determined by the design parameters for 
the material. 

A TGA-RGA analysis was carried out as a baseline for compar- 
ison with all subsequent lots or batches of material. Rejection 
of an incoming sample occurred if: 
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1) The TGA curve of the new sample presented a total mis- 
match with the baseline curve; 

2) The TGA weight loss in the temperature range between 25 
and 135°C was more than 2% of the baseline TGA; 

The RGA data showed major mass fragments different from 
the baseline major mass fragments; 

4) The RGA data between 25 and 135°C showed mass fragments 
greater than m/e * 44 not present in the baseline RGA; 

5) When the onset of major degradation varies more than 50 
to -20°C from the baseline onset; 

6) When the total weight loss (through major degradation) of 
composites indicates a filler content variation of greater than 5%. 


During the course of the program changes in technical direction 
eliminated or modified some qualification tests so that not all 
materials reported here have the same data available. 
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Dacron Fabric Tape 


Table 1 Tensile and Elongation* 



Average Tensile 

Average 

Elon- 

gation 

Samples 

Tested 

Exposure 

psi 

xlO 6 

Baseline 

1040 

7.17 

43.5% 

5 

Heat Compatibility (1) 

943 

6.50 

42.3% 

5 

30 day Thermal Vacuum (2) 

971 

6.69 

43.6% 

i 

90 day thermal vacuum (2) 

1003 

6.92 

45.8% 

5 

180 day thermal vacuum (2) 

980 

6.76 

45.4% 

5 


*FTMS 191 Method 4108.1 (Test at room ambient) 

(1) 240 hours at 275°F (408°K) in N 2 atmosphere 

(2) Tested in air after heat compatibility (1) and 
exposure for the specified time at 150°F (338°K) and 
lo" 6 Torr 
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Ablefilm 501-1 


Chemical Characterization Summary 
Mix ratio: As received film 

Cure: 3 hr at 165°F (347°K) followed by 1 hr at 275°F (408°K) 

1. isothermal Weight loss in Nitrogen: 0.85% 

2. Steady-State Vacuum Cond ^ible Degassing Rate: 


3. TGA Conditioning: 

A Vacuum J+ hr at 23°C (296°K) and 45% RH 

i Ci A 

Nitrogen: 

4. Activation Energy of Decomposition : 

In Vacuum: 

Over the range: 25°C-275°C (298°K-548°K) 


a = 7.6% of initial weight 



In Nitrogen: 

Over the range: 


a = of initial weight 

o 



Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 

8. 3xl0 5 


100°C (373°K) 

2.4xl0 4 


150°C (423°K) 

1.6xl0 3 
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Ablefilm 517 


Chemical Characterization Summary 

Mix ratio: As received sheet stock 

Cure: 2 hrs at 225°F (380°K) 

1. Isothermal V/eight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 

3. TGA Conditioning: 

Vacuum: None (Room Ambient) 

Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 135°C-500°C (408°K-773 K) 

a = 59% of initial weight 

o 


k = 7.5x10 exp 


47000 \ 
1 .98 T°K/ 


min * 


In Nitrogen: 

Over the range: 

a - of initial weight 


^ 1 .98 T°K^ 


Time to 1% height Loss at Temperature T 
r | Time (Sec) 

Tem P In Vac In Nitroger 

— . ■ — - ■ ' 111 """ ■ ■ ' ' 

50°C (323°K) 7xl0 1? 

100°C (373°K) 3.2xl0 13 

1 50°C (423°K) 1.8X10 11 
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C7-4248 


Chemical Characterization Summary 

Mix ratio: Single component 
Cure: 6 hr at 350°F (449°K). 

1. Isothermal Weight loss in Nitrogen: 0.297 o 

2. Steady-State Vacuum Condensible Degassing Rate: 4.457x10 ^ 7o/day 

3. TGA Conditioning: 

Vacuum: 100 hr at 125°C (398°K) in N atmosphere 
Nitrogen : 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 250°C-350°C (523°K-623°K) 

a = 11% of initial weight 

o 



In Nitrogen: 

Over the range: 

a^ = of initial weight 



Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 
10()°C ( 373°K) 
1 50°C (423°K) 

12 

4.3x10“ 

1.4xl0 9 

2.8xl0 6 
























EA934 Adhesive 


Chemical Characterization Summary 

Mix ratio: 100 pbw of part A to 33 pbw of part B 
Cure: 96 hr at room temp plus 4 hr at 278°F (409°K) 

1. Isothermal Weight loss in Nitrogen: 0.75% 

-5 

2. Steady-State* Vacuum Condensible Degassing Rate: 9.1x10 


3. IGA Conditioning: 

TCA Vacuum: 100 hr at 125°C (398°K) in N 2 atmosphere 
Nitrogen: 24 hr at 23°C (296°K) and 45% RH 

4. Activation Energy of Decomposit ion : 

In Vacuum: 

Over the range: 100°C-400°C (373°K-673°K) 

a = 43% of initial weight 

o 



In Nitrogen: 

Over the range: 135°C-380°C (408°K-653°K) 


a - 23% of initial weight 

o 



Time to 17. Weight toss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 

7.8xl0 24 

8.6xl0 12 

100°c (373°K) 

19 

1.8x10 

3.0xl0 7 

150°C (423°K) 

1.5xl0 10 

6.6x10^ 


/ d ay 


Ell 

























Table 1 Lap Shear Test* (ASTM D1002) 





EA956 


Chemical Characterisation Summary 

Mix ratio: 100 pbw of A and 58 pbw of B 

Cure: 1 hr at 200°F (366°K) 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 

3. TGA Conditioning: 

A Vacuum: None (Room Ambient) 

° Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 25°C-400°C (298°K-o73°K) 

a = 67% of initial weight 

o 



In Nit rogen : 

Over the range: 

a » of initial weight 



Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 
100°C (373°K) 
150°C (423°K) 

10 19 

4.5xl0* 3 

3.3x10 
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EC 2216 Adhesive 


Chemical Characterization Summary 

Mix ratio: 100 pbw of part B to 140 pbw of part A 

Cure: 72 hr at room temp plus 4.5 hr at 275°F (408°K) 


1. Isothermal Weight loss in Nitrogen: 0.5% 


2 . 


Steady-State Vacuum Condensible Degassing Rate: 


2.2xlO~^ %/day 


TGA Conditioning: 
TGA 


Vacuum: 100 hr at 125°C (398°K) in N 2 atmosphere 
Nitrogen: ?4 hr at 23°C (296°K) and 45% RH 


Activation Energy ol Decomposition: 

In Vacuum: 

Over the range: 150°C-380°C (423°K-653°K) 


a^ = 42% of initial weight 


k = 5 3x10 


16 


(^8500_\ 

\1.98 T°Ky 


mm 


In Nitrogen: 

Over the range: 25°C-340°C (298°K-613°K) 

a = 7% of initial weight 


3.3xl0 8 exp 


/ - 24800 \ 
y 1 .98 T°K ) 


min 


Time to 17. Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 

lx 10 14 

1.3xl0 8 

1()0°C ( 373°K) 

3.8xl0 9 

7.2xl0 5 

150°C (423°K) 

2.5xl0 6 

1.3xl0 4 


E21 






WEIGHT 












Table 1 Lap Shear* (ASTM D1002-64) 
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EG 818T Laminate 



Chemical Characterization Summary 

Mix ratio: As received sheet stock 
Cure: As received 

1- Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. TGA Conditioning: 

TGA Vacuum: 24 hr at 23°C (296°K) and 45% RH 
Nitrogen: 

4„ Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 260°C-310°C (533°K-583°K) 

a^ = 21% of initial weight 


k = 6.85x10 exp 


/ n 32300 \ 

\1.98 T°K/ 


. -1 
ram 


In Nitrogen: 

Over the range: 

a - of initial weight 


^ 1 .98 T°k) 


min * 


Time to 1% Weight Loss at Temperature T 

Time (Sec) 

Tem P In Vac In Nitroger 

50°C (323°K) 8.5xl0 10 

100°C (373°K) 8.9xl0 7 

1 50°C (423°K) 4.8xl0 5 








882 

1193 

2751 

C317 

26626 

382 

264 


73 
45? 
3347 
2942 
23621 
2029 
312 
2 79 
409C 


257 

1086 

2320 

7253 

4619 

103C 

1063 

2501 

5769 

93 

63 

317 

270 

17G4 

U.51 

363 

no n 

109 

1556 

22 ? 


303 
7. t 
1614 

■»{i4 7 
6U'0 
25° 
147 


?40 

120 

44 

R31 

173 

337 


53 


117 

















. ? 




Epocast 203 


Chemical Characterization Summary 

Mix ratio: 100 pbw of A to 100 pbw of B to 1 pbw of D-2, 

Cure: 4 hr at 65°C (338°K) plus 4 hr at 150°C (423°K). 

1. Isothermal Weight loss in Nitrogen: 0.14% 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. TGA Conditioning: 


TGA 


Vacuum: 24 hi at 23°C (296°K) and 45% RH 


Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum' 

Over the range: 135°C-350°C (408°K-623°K) 

a » 96% of initial weight 

o 


k - 5.1x10 exp 


( - 19300 \ 
1.98 T°K/ 


In Nitrogen: 

Over the range: 

of initial weight 


a - 

o 


k = 


exp 


( 1.98 T°K^ 


. -1 
mm 


min 


-1 


i 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 
100°C (373°K) 
150°C (423°K) 

1.5xl0 10 
2. 7xl0 8 
1.2xl0 7 



I 5 
i : 
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Epon 828, MPDA/120 Fiberglass Cloth 


Chemical Charac torizat ion Summary 

Mix ratio: IOC pbw of resin to 14 pbw of hardener 

Cure: 1 hr at 150°F(339°K) plus 2 hr at 230°F(394°K) plus 2 hr 
at 350°F (450°K) 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 

3. TGA Conditioning: 

TGA Vacuum : 24 hr at 23°C (296°K) and 45% FJI 
Nitrogen: 

4. Activation Energy of Decomposition: 

Tn Vacuum: 

Over the range: 200°C-50(i°C (473°K-773°K) 


= 50% of initial weight 



In Nitrogen: 

Over the range: 

n ^ = of initial weight 



Time to n> Weight Loss at Temperature T 


T otnp 

Time (Sec) 

In Vac 

In Nitrogen 

50°f (323°K) 

l.lxlO 12 


l()l)°C (373°K) 

2xl0 9 


1 50°C (423°K) 

l.SxlO 7 



£35 




































Epo-Tek H72 
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Chemical Characterization Summary 
Mix ratio: 100 pbw of A to 4 pbw of B 

Cure: 20 min at 212°F (373°K) plus 24 hr at 280°F (411°K) and 10" 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. TGA ConcI it ioning: 


TGA Vactium: None (Room Ambient) 
Nitrogen : 


4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 25 C C-360°C (298°K-633°K) 


- 32% of initial weight 



In Nitrogen: 

<>vcr the range: 


- of initial weight 

o & 



Time to n Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 

3.5xl0 7 


100°C (373°K) 

8.8xl0 5 


150°C (423°K) 

5.2xl0 4 




Torr 






















Epo-Tek 417 


Chemical Charact e rization Summary 

Mix ratio: 15 pbw of resin to 1 pbw of hardener 

Cure : 1 hr at 105°C (383°K) 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Dcgassii.g Rate: 

3. TGA Conditioning: 

_ A Vacuum: None (Room Ambient) 

loA 

Nitrogen : 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 150°C-290°C (423°K-563°K) 


a = 27 c of initial weight 

o ° 



In Nitrogen: 

Over the range: 

= of initial weight 



Time to 1% Weight Loss at temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C. (323°K) 

5.2xl0 3 


100°C ( 373°K) 

3.2xl0 2 


150°C (423°K) 

37 
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ES-222 
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Chemical Characterization Summary 

Mix ratio: Not available 

Cure: Not available 

1- Isothermal Weight loss in Nitrogen: 

2 . Steady-State Vacuum Condensible Degassing Rate: 


3. TCA Conditioning: 

Vacuum: None (Room Ambient) 

ICit XT**- 

Nitrogen: 

4. Activation Energy of Decomposit ion : 

In Vacuum; 

Over the range: 140°C-480°C (413°K-753°K) 

a = 35% of initial weight 

o 



In Nitrogen: 

Over the range: 

a - of initial weight 



Time to 17, Weight Loss at Temperature t! 


Temp 

Time (Sec) j 

In Vac 

In Nitrog n 

30°C (,323°K) 
1()0°C ( 373°K) 
] 50°C (423°K) 

1.5X10 11 
1.2xl0 8 
5 .OxlO 5 

V 


V 


E47 






















FM-40 


Chemical Chaiac U * izal ion Suninary 


Mix ratio: as received 

Cure: 1 hr at 350°F (450°K) 

1. Isothermal « ‘ght loss in Nitrogen: 1.23% 

2. Steady-State Vacuum Condensible Degassing Rate: 


j . 


4. 


TGA Conditioning: 

TGA Vacuum: 24 hr at 23°C (296°K) ano 45% RH 
Nitrogen: 

Activation Energy of Decomposition: 

In Vacuum: 

liver the range: 183°C - 400°C (453°K-673°K) 

a - 59% of initial weight 
o & 


In 


k = 8.2xl0 8 

Nitrogen: 

Over t:bo range 
fi - of 


o 



initial weight 


. -1 
mm 


k = 



. -1 
mm 


Time to 1% Weight Loss at ^mperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

5u*'C (323°K) 

2x10 10 


100°C ( 373°K) 

5xl0 7 


1 50°C (423°X) 

4.8x10^ 



E51 
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M-9 -N/Cata lyst A 


Chemical Characterization Summary 

Mix ratio: 100 pbw of resin to j pbw of catalyst 
Curt' : 14 hr at 300°F (422°K) 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. TC.A Condit ioning : 

_ .. Vac-urn: 24 hr at 23°C (296°K) and 45% RH 

1 C A 

Nitrogen : 


4. Activation line .gy of Decomposition : 

In Vacuum: 

Over the range: 25°C-315°C (298°K-583°K) 

a ^ = 33% of initial weight 



In Nitrogen: 

Over the range: 

n - of initial weight 



Time to 1% 


Temp 


Weight Loss at Temperature T 


Time (Src) 


In Vac 


In Nitrogen 


50°C ( 323°K) 


3.5x10 


1 00°c: (373°K) 8.8x10 

1 50°C (423°K) 3.1x10 


3 

2 

2 
























MF500F-124, Microwave Absorber 


Chemical Characterization Summary 

Mix ratio: As received 
One: As received 

1. Isothermal Weight loss in Nitrogen: 0.15% 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. IGA Conditioning: 

TGA Vacuum: 24 hr at 23°C (296°K) and 45% RH 

Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 300°C-400°C (573°K-673°K> 

a = 10% of initial weight 


k = 1* 6x10 exp 


( - 98000 \ 
1.98 T°K/ 


. -i 
min 


n Nitrogen: 

Over the range: 

a = of initial weight 


1.98 T°K 


. -1 
min 


Time to '7, Weight Loss at Temperature T 

Time (Sec) 

Temp Tn I Tn Nit* mom 


50°C ( 323 K) 
10()°C ( 373°K) 
|l50°C (423°K) 


Time (Sec) 

In Vac 

In Nitrogen 

32 

1 .5x10 

23 

1.8x10*“ 

2.3xl0 16 










MfSOOf-124 Microwave Absorber 


MASS NU«ER AND RELATIVE PEAK INTENSITY 


TIMPLRATURE, °C 
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Stycast 1090/Cat 


Chemical Characterization Summary 

Mix ratio: 100 pbw resin to 12 pbw hardener 

Cure: 4 hrs at 150°F (338°K) plus 3 hrs at 275QF (408°K) 

1. isothermal Weight loss in Nitrogen: 0.05% 

2. Steady-State Vacuum Condensible Degassing Rate: 4.37x10 


3. TCA Conditioning: 

Vacuum: 100 hr at 125°C (325°K) in N’ 2 atmosphere 

° Nitrogen: 24 hr at 23°C (296°K) and 457„ RH 


4. Activation Energy of Dccomposi t ion : 

In Vacuum: 

Over the range: 300 C-550 C (573 K-823 K) 


a - /2% of initial weight 

o 



in Nitrogen: Not amenable to analysis 

Over the range: 

a = of initial wei; * L 



Time to 17. Weight Loss at Temper ed ■ 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

5«) W C (323°K) 
loo'c ( 373°K) 

1 S0°C (423°K) 

1 

2.5 A 10 28 
8. 3x10 20 
1 . 4xl0 15 
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S t ye s t 1090 A 'at . 11 



WEIGHT LOSS 



Styc«st 1090/C*t. 1! 

mss MIMER m RELATIVE PEAK UTTERS ITT 


TlfTERATURE. °C 


n r 

25 

300 

361 

386 

425 
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» *4 

-■'>8 
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87? 

1255 
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( 
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5'21 


1 ’* 
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24763 

20771 
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73390 
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9 
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21 
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247 

45 



?n 
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29 

96 

71 

43 

28 
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85 
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24 
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63 

27 


2a 


45 
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26 
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V 

42 
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16037 
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1406 


28 
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29529 

25775 

12124 
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2$ 
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395 


30 
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44 



37 


29 

4046 
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6190 
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Stycast 1090/Cat. 11 
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Stycast 1263/Cat. 31 


Chemical Characterization Summary 

Mix ratio: not available 

Cure: not available 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 

3. TGA Conditioning: 

TGA Vacuum: 24 hr at 23°C (296°K) and 45* RH 

Nitroge i: 

4. Activation Energy of Decomposition: 


In Vacuum: 


Over the range: 130°C-315 O C(403 O K-588°K) 


a Q = 92% of initial weight 


k = 1.02x10 exp 

In Nitrogen: 

Over the range: 

a = 


( - 13700 \ 
1.98 T°K/ 


of initial weight 
eXP (l.98 T°k) 


min 


-1 


min 


-1 


Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) ] 

In Vac 

In Nitrogen 

50°C (323°K) 

1.2xl0 6 


100°C (3/3°K) 

6.8xl0 4 


150°C (423°K) 

7.4xl0 3 
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Stycast 2850 FT/Cat. 9 


Chemical Characterization Summar y 

Mix ratio: 100 pbw of resin to 3 pbw of hardener. 

Cure: 4 hrs at 270°F (405°K) 

1. Isothermal Weight loss in Nitrogen: 0.09% 


-5 


2. Steady-State Vacuum Condensible Degassing Rate: 1.679x10 %/daj 


3. TGA Conditioning: 

Vacuum: 10u III ac UJ \J70 iv/ ill «2 ouuu 

Nitrogen: 24 hr at 23°C (296°K) and 45% RH 


Vacuum: 100 hr at 125°C <398°K) in N, atmosphere. 


4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 250°C -340°C (523°K - 613°K) 
a Q = 9% of initial weight 


k = 2x10 


21 


exp 


( -61500 \ 
1.98 T°K/ 


min 


-1 


It. Nitrogen: 

Over the range: 250°C - 350°C (523°K - 623°K) 


a = 20% of initial weight 
o 

. a q 1fl 18 /- 55300 

k = 8.5x10 exp r 


( - 55300 \ 
1.98 T°kJ 


min 


-1 


Time to 1% Weight Loss at Temperature T 


Temp 

Time f Sec) | 

In Vac 

In Nitrogen 

50°C (323°K) 
100°C (373°K) 
150°C (423°K) 

1.9x10 20 
4.7xl0 U 
2.2xl0 10 

2.7xl0 18 

2.5xl0 13 

3.3xl0 9 
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Stycast 2860 FT/Cat. 9 


MSS NUMBER AND RELATIVE PEAK INTENSITY 


TEMPERATURE, °C 
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Stycast 2850 FT/Cat. 11 


I 

i 


Chemical Characterization Summary 

Mix ratio: 100 pbw of resin to 4.5 pbw of catalyst II. 

Cure: 4 hrs at 165°F (347°K) followed by 4 hrs at 270°F (405°K). 

1. Isothermal Weight loss in Nitrogen: 0,C67 o 

-5 

2. Steady-State Vacuum Condensible Degassing Rate: 1.26 x 10 %/day 


3. TGA Conditioning: 

TGA Vacuurn: -00 hrs at 125°C (398°K) in N atmosphere 
Nit ogen: 24 hrs at 23°C (296°K) and 457. RH. 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 340°c - 500°C (613°K - 773°K) 
a Q * 24% of initial weight 



In Nitrogen: 

Over the range: 240 C - 500 C (573 K - 773 K) 

a “ 19% of initial weight 
o 



Time to 17, Weight l oss at Temperature T 


Temp 

Time (Sec) j 

In Vac 

In Nitrogen 

50°C (32?°K) 

5 x 10 38 

2 x 10 46 

l')0°C ,373°K) 

2 x 10 28 

8 x 10 33 

150°C (423°K) 

3 x 10 20 

3 x 10 24 
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Stycist 2850 fT/CU. 11 


MASS NUMBER AND RELATIVE REAR INTENSITY 


TEMPERATURE, °C 
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Styc*st 2850 FT/Ut. U 
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MJUS Nl NED AND RELATIVE PEAK INTERS ITT (Cont) 



£82 



























i 


I 


Trucast 11IM/901 


Chemical Characterization Summary 

Mix ratio: 100 pbw resin to 3.4 pbw catalyst 0 

Cure: 3 hr at 150°F(338°K) plus 24 hr at 285° (414 K) 

and IxlO" 5 Torr 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. TGA Conditioning: 


tga Vacuum: None (Room Ambient) 

Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 190°C-470°C (463°K-743°K) 


a » 30% of initial weight 

o 



In Nitrogen: 

Over the range: 

a - of initial weight 

o 



Time to 17. Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 

3.7xl0 15 


100°C (373°K) 

2.6xl0 U 


150°C (423°K) 

1.6x10® 
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Trucast 1UM/901 


NASS NUWER AND RELATIVE PEAK INTENSITY 

TEMPERATURE, °C 




ORIGINAIi PAGE B 
or POOR fIDAIOT 



























i 


I 

J 


Trucast 111M/902 


Chemical Characterization Summary 

Mix ratio: 100 pbw resin to 5 pbv hardener 
Cure: 3 hr at 150°F (338°K) plus 24 hr at 285°F (413 C K) 
and 10~^ Torr. 

1. Isothermal Weight loss in Nitrogen* 

2. Steady-State Vacuum Condensible Degassing Rate: 


3, TGA Conditioning: 


TGA 


Vacuum: 24 hr at 23°C (296°K) and 45% RH 


Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 360°C-400°C (633°K“673°K) 


a^ = 307o of initial weight 


k = 3.4x10^ exp 

In Nitrogen: 

Over the range: 


( ■ 87600 \ 
1.98 T°Ky 


min 


-1 


a - 
o 


k * 


of initial weight 
exp 


(i.98 T°K^ 


min 


-1 


Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 
I00°C (373°K) 
150°C (423°K) 

6xl0 30 

6.3xl0 22 

4.4xl0 16 
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HT424 Adhesive Film 
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Chemical Characterization Summary 
Mix ratio: As received film 

Cure: 1 hr at 340°F (444°K) under vacuum of 20" Hg 

1. isothermal Weight loss in Nitrogen: (,.38% 

2. Steady-State Vacuum Condensible Degassing Rate: 0.3xl0~^ %/day 


I 


3. TCA Conditioning: 

TCA 

4. Activation Energy of Decomposition: 


Vacuum: 100 hr at 125°C (398°K) in N£ atmosphere 

Nitrogen: 24 hr at 23°C (296°K) and 45% RH 


In Vacuum: 

Over the range: 170°C-380°C (443°K-853°K) 
a - 15.8% of initial weight 


k = 1x10 
In Nitrogen: 


exp 


Aoaa<2£L.\ min -i 

\1.98 T°K/ 


Over the range: 25°C-400°C (298°K-673°K) 


a = 8.7% of initial weight 
o 

. Q , , n 3 / - 14900 

k = 9.3x10 exp' 


( - 14900 \ 
1.98 T°kJ 


min 


-1 


Time to 1*4 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 

1.6xl0 3 

a.4xio 5 

100°C (373°K) 

1.6xlo'‘ 

3.8x10* 

150°C (423°K) 

2.7xl0 3 

i 

3.4xl0 3 
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HT424 Film Adhesive 
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Chemical Characterization Summary 


Mix ratio: As received 

Cure: As received 

1. Isothermal Weight loss in Nitrogen: 

2- Steady-State Vacuum Condensible Degassing Rate: 

3, TGA Conditioning: 

TGA Vacuum: None (Room Ambient) 

Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 350°C-380°C (623°K-653°K0 


a^ = 100% of initial weight 



In Nitrogen: 

Over the range: 

a^ = of initial weight 



Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (32 3°K) 
10D°C (273°K) 
150°C (423°K) 

1, 4xl0 20 
1.7xl0 15 
2.9X10 11 
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HASS NIMER AND RELATIVE PEAK INTENSITY (Cont) 


TEMPERATURE, °C 
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Tedlar 


Chemical Characterization Summary 

Mix ratio: As received film. 

Cure : As received 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. TGA Conditioning: 


TGA 


Vacuum: 24 hrs at 23°C (296°K) and 45% RH. 


Nitrogen : 

4. Activation Energy of Decomposition: 

In Vacuum: Not amenable to analysis 

Over the range: 


a - 

o 


k = 


of initial weight 

exo I ) 

‘ \1.98 T°K / 


. -1 
nun 


In Nitrogen: 

Over the range: 


a - 
o 


k = 


of initial weight 


exp 


( 1.98 T°k) 


min 


-1 


Time to 1*4 Weight Loss at Temper a ture T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 
100°C (373°K) 
150°C (423°K) 
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Viton A-Parker Compound V747-75 


Chemical Characterization Summary 

Mix ratio: As Received 

Cure: As Received 

1* Isothermal Weight loss in Nitrogen: 0,08% 

2. Steady-State Vacuum Condensible Degassing Rate: 4.60x10 ^ %/day 


3. TCA Conditioning: 

Vacuum: 24 hr at 23°C (296°K) and 45% RH 

TGA 

Nitrogen: 


4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 300°C-550°C (573°K-823°K) 


a = 66% of initial weight 

o 



In Nitrogen: 

Over t*he range: 


a = of initial weight 

o 



Time to 17. Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C ( 323°K) 
l()n°C (373°K) 
150°C (4 23°K' 

2.9xl0 23 

8.0rl0 17 

4.6xl0 13 



F10 








1 


Vlton A Ptrfcer Cnpound V 74 7-75 


MASS NUMBER AND RELATIVE PEAR INTENSITY 
TEMPERATURE. °C 
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Viton A-Parker Compound V747-75 


Table 1 Compression Set Values (FTMS 601 Method 3311) 


* 

% o£ Original 
Deflection 

Samples 

Tested 

Exposure 

Average 

High 

Low 

Heat Compatibility (1) 

22.5 

22.6 

22. V 

2 

Heat Compatibility (1) plus 
30 dey thermal vacuum (2) 

20.6 

21.3 

19.8 

2 

Heat compatibility (1) olus 
90 day thermal vacuum (2) 

22.4 

22.4 

22.3 

2 

Heat compatibility (1) plus 
30 days room ambient 

24.6 

25.1 

24.1 

2 

Heat compatibility (1) plus 
90 days room ambient 

24.1 

24.7 

23.5 

2 

46 days room ambient 

15.0 

15.0 

14.9 

2 

106 days room ambient 

15.1 

15.1 

15.0 

2 


(1) 380 hours at 275°F (408°K) in N 2 atmosphere 

(2) Tested at 1x10*^ Torr after the specified exposure 
time at 150°F (338°K) and ixlO' 6 Torr 
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Viton A-Parker Compound 77-545 


Chemical Characterization Summary 

Mix ratio: As received sheet stock 
Cure : As received 

1. Isothermal Weight loss in Nitrogen: 0.20% 

2. Steady-State Vacuum Condensible Degassing Rate: 1.53x10^^ %/day 

3. TGA Conditioning: 

TGA Vacuum: 100 hr at 125°C (398°K) in N 2 atmosphere 

Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 25°C-450°C (298°K-723°K) 

a = 60% of initial weight 

o 


k = 3,3x10 exp 


( - 40400 \ 
1.98 T°K/ 


. -1 
min 


In Nitrogen: 

Over the range: 

a = of initial weight 

o 

k ■ exp [ l 

\ 1.98 T°K/ 


Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec * 

In Vac 

... Nitrogen 

50°C (323°K) 

5.2xl0 16 


100°C (373°K) 

13 

l.lxl0 XJ 


150°C (423°K) 

1.6x10 10 
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WEIGHT LOSS 
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666 

996 

649 

172 

334 

139 

2745 

3201 

2630 

9153 

11803 

8425 

28824 

37889 

25815 

228 

4783 

2858 

225 

15629 

2888 


48 



142 


101 

535 

40 

273 

810 

168 

9901 

14843 

11712 

123 

431 

117 

436 

717 

470 

53 

3687 

213 

1630 

1875 

1491 


543 



161 



225 



660 


890 

1331 

910 


61 


41 

145 


170 

806 

110 

2707 

4296 

2417 

51 

1327 

63 


261 



289 

178 

87 

55 



1011 

48 

94 

5528 

186 


55 



85 



344 



790 



113 



46 



48 



176 



364 


15J 

2001 

58 


427 



120 



138 


68 

6818 

273 

1 

74 






2456 

5* 


139 



1?61 



45 



263 



173 



59 



157 

$94 


43 



44 



148 



79 
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Vlton A Parker Compound 77-545 


KGS HJKR A«0 RELATIVE PEAK INTENSITY { Co nt} 

temperature* °c 











Viton A-Parker Compound 77-545 


Table 1 Compression Set (FTMS 601 Method 3311) 



% of Original 
Deflection 

Samples 

Tested 

Exposure 

Average 

High 

Low 

Heat Compatibility (1) 

43.1 

44.8 

40.0 

3 

Heat compatibility plus 30 
day thermal vacuum (1)(2) 

34.8 

35.8 

33.6 

3 


(1) 382 hours at 275°F (408°K) In N 2 atmosphere 

(2) Tested a', a pressure of 1x10 Torr after heat 
compatibility (2) followed by 30 day exposure at 
150°F (338°K) and lxlO* 6 Torr 
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Viton A, M11-R-25897E Type 2 Class 1 


Chemical Characterization Summary 

Mix ratio: As received sheet stock 

Cure: As received 

1 . Isothermal Weight loss in Nitrogen: 0,15% 

-4 

2. Steady-State Vacuum Condensible Degassing Rate: 1.128x10 %/day 

3. TGA Conditioning: 

TCA Vacuum * 100 hr at 125°C (398°K) in N 2 atmosphere 
Nitrogen: 24 hr at 23°C (296°K) and 55% RH 

4. Activation Energy of Decomposition: 
in Vacuum: 

Over the range: 25°C-440°C (298°K-713°K) 


a « 63% of initial weight 
o 



In Nitrogen: 

Over the range: 25°C-440°C (293°K-713°K) 
a^ = 62% of initial weight 



Time to 17. Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 

8.4xl0 9 

5.3xl0 9 

100°C ( 373°K) 

9.1xl0 7 

5.7xl0 7 

1 50°C (423°K) 

2.8xl0 6 

1.7xl0 6 


F20 
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Nomex Thread, Mil -T -43636 


Chemical Characterization Summary 

Mix ratio: As received 

Cure : As received 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 


3 . TGA Condit ioning : 

Vacuum: 24 hr at 23°C (296°K) and 45% RH 

Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 100°C-500°C (373°K-773°K) 

a Q = 30% D f initial weight 


57400 \ 
1.98 T°K/ 


k = 2.4x10 

In Nitrogen: 

Over the range: 


a = of initial weight 

o 


. -1 
min 


exp (r; 


exp I 1 min 

\ 1.98 T°K / 


Time to 1%. Weight Loss at Temperature T 

Time (Sec) 

Temp In Vac In Nitroger 

50°C (323°K) 2.6xl0 21 

100°C (373°K) 1 . 5xl0 16 

150°C (423°K) 1.4x10 12 
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Vel-Cro Pile, Mil-F-21840C Claes 2 


Chemical Characterization Summary 

Mix ratio: As Received 

Cure: As Received 

1* Isothermal Weight loss in Nitrogen: 5,62% 

2. Steady-State Vacuum Condensible Degassing Rate: 

3. TCA Conditioning: 

Vacuum: 24 hr at 23°C (296°K) and 45% RH 

Nitrogen: 

4. Activation Energy of Decomposition : 

In Vacuum: 

Over the range: 110°C-200°C (383°K-473°K) 


a^ = 2.6% of initial weight 


k = 6.3x10 


( - 26000 \ 
1.98 T°K/ 


. -1 
mm 


In Nitrogen: 

Over the range: 

= of initial weight 

k “ exp [ ) 

\ 1.98 T°K / 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C ( 323°K) 

4.5x10* 


100°C (373°K) 

1.8xl0 2 


150°C (423°K) 

3 
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r~ '4,'.*6St>„,vVU 


























Adlock 851 


Chemical Characterization Summary 
Mix ratio: As received 

Cure: h hr at 250°F (394°K) plus 1 hr at 300°F (422°K) plus % hr at 
350°F (450°K) plus 4 hr at 500°F (533°K). 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 5.4x10"^ %/ day 

3. TGA Conditioning: 

Vacuum: 100 hr at 125°C (325°K) in N- atmosphere 
Nitrogen: 24 hr at 23°C (296°K) and 45% RH 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 325°C-650°C (598°K-923°K) 


= 12% of initial weight 


, ^ / - 13700 

k = 3.4x10 exp I 

\1.98 T°K 


\ . -i 

■ I nun 


In Nitrogen: 

Over the range: 325°C-750°C (598°K-1023°K) 

a = 30% of initial weight 

o 

/- 12200 \ . -1 
k = sc eX p i l min 

\ 1.98 T°K / 


Time to 1% Weight Loss at Temperature T 


Time 

(Sec.) 

Tem P In Vac 

In Nitrogen 

50°C (323°K) 3.6xl0 6 


1.3xl0 6 

100°C ( 373°K) 2.0xl0 5 


lxlO 5 

150°C (4'3°K) 2.2x10** 


1.4x10** 
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Table 1 Flexure Test ( ASTM D790-66)* 
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F502/A120 Prepreg 


Chemical Characterization Summary 
Mix ratio: As received 

Cure: Autoclave at 50 psi for 1 hr at 250°F(394°K) then 1 hr 
at 350°F (450°K) 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. TGA Conditioning: 

TGA Vacuum: 24 hr at 23°C (296°K) and 45% RH 

Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 400°C-600°C (673°K-873°K) 

& o = 11% of initial weight 

, 0 , 1f> 3 ( - 15900 \ -i 

k = 2.2x10 exp ( 1 min 


.98 T°K/ 


Tn Nitrogen: 

Over the range: 

= of initial weight 


.98 T°K i 


. -1 
min 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 

1.7xl0 7 


100°C (373°K) 

6.2xl0 5 


150°C (423°K) 

4.8xl0 4 



Ph7 



WEIGHT LOSS 
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Kapton H Film 


Chemical Characterization Summary 

Mix ratio: As received film 
Cure: As received 

1. Isothermal Weight loss in Nitrogen: 1.05% 

2. Steady-State Vacuum Condensible Degassing Rate: 9.7x10 ^ %/day 

3. TGA Conditioning: 

. Vacuum: 100 hr at 125°C (398°K) in N- atmosphere 
Nitrogen: 24 hr at 23°C (296°K) and 45% RH 

4. Activation Energy of Decomposition: 

In 

Over the range: 430°C-580°C (703°K-853°K) 

= 43% of initial weight 

k , 330 rxp I ' 1^00 

\1.98 T°K 

In Nitrogen: 

Over the range: 430°C-550°C (703°K-823°K) 
a^ - 34% of initial weight 



Time to 1% Weight Loss at Temperat re T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 
100°C (373°K) 
150°C (423°K) 

2.4xl0 10 
4. 1x10® 
1.8xl0 7 

12 

6.6x10^ 

2.6xl0 10 

3.6x10® 



Pil 





























Polyimide (Porous) 



Chemical Characterization Summary 

Mix ratio: As received 

Cure: As received 

1. Isothermal Weight loss in Nitrogen: 

2. Sceady-State Vacuum Condensible Degassing Rate: 


3. TGA Conditioning: 

Tr Vacuum: 24 hr at 23°C (296°K) and 45% kH 

Nitrogen: 

4. Activation Energy of Decomposition: Not amenable to analysis 


In Vacuum: 

Over the range: 


a = of initial weight 

o 

k - exp ( 

\1.98 T°K 

In Nitrogen: 

Over the range. 


a = oi initial weight 

o 



) 


min 


-1 


Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C ( 323°K) 
100°C ( 373°K) 
150°C. (423°K) 
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Polythermaleze Wire Insulation 


Chemical Characterization Summary 

Mix ratio: As received. 

Cure: As received. 

1. Isothermal Weight loss in Nitrogen: 0.037, 

?. Steady-State Vacuum Condensible Degassing Rate: 8.59x10 7,/day 


3. TGA Conditioning: 

Vacuum: 24 hr at 23°C (296°K) and 45% RH 

1 C,A . 

Nitrogen: 


4 . Activation Cnergy of Decomposition: 


In Vacuum: 

Over the range: 250°C-450°C (623°K-723°K) 


a = 41% of 
o 

V = 8.9x10 ‘ 2 


initial weight 



In Nitrogen: 

Over the range: 

a = of initial weight 

o 



. -1 
min 


. -1 
min 


Time to 17, Weight Loss at Temperature T 


^ Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 
10()°C (373°K) 
130°C (423°K) 

9.4xl0 13 

3.2xl0 l ° 

6.9xl0 7 



PilO 






*'2 





























1 


] 


TR150-25 


Chemical Characterisation Summary 
Mix ratio: Single component 

Cure: 0.5 hr at 200°F (376°K) plus 1 hr at 350 F (440 K) , 

plus 1 hr at 450°F (505°K) , plus 1 hr at 500°F (533°K) 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rato* 


3. TCA Conditioning: 


TGA 


Vacuum: 24 hr min at 23°C (296°K) and 457. RH 


Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 100°C-370°C (373°K-643°K) 

a = 47o of initial weight 


k = 136 exp 

In Nitrogen: 

Over the range: 


( - 7860 \ 

1.98 T°K/ 


k = 


of initial weight 
exp [ 1 

y] .98 T°K J 


. -1 
min 


min 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 
100°C (373°K) 
150°C (423°K) 

9.7 x 10 2 
1.9 x 10 2 
52 



Pi 14 





TR1 50-25 
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Vespel SP-1 


Chemical Characterization Summary 

Mix ratio: As received sheet stock 

Cure: As received 

1. Isothermal Weight loss in Nitrogen: 0.93% 

2m Steady-State Vacuum Condensible Degassing Rate: 4.3xl0~“* %/day 


3. TGA Conditioning: 

TCA Vacuum: 100 hr at 125°F (324°K) in atmosphere 

Nitrogen: 24 hr at 23°C (296°K) and 45% RH 

4. Activation Energy of Decomposition: 

In Vacuum: not amenable to analysis 

Over the range: 

min ^ 

Tn Nitrogen: 

Over the range: 500°C-570 c C ( 773°K-843°K) 

a = 40% of initial weight 

o 



a^ = .»f initial weight 



Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 
l00°C ( 373°K) 

lSo'^C (423°K) 

- - ■ — 1 


4 . lx.10 24 
4.0xl0 19 
5.7xl0 15 


Pil8 




WEIGHT 




* 


Pi 19 


WEIGHT LOSS 
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Table 4. Dielectric Strength* (AS1M D149-70) 
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Vespel SP- 1 


Table 5. Surface Resistivity (ASTM D257) 
@ 1000 VDC 


Exposure 

Average 

(0HM-CM) 

High 
(OHM- CM) 

Low 

(OHM- Ol) 

Samples 

Tested 

Baseline 

4.67xl0 14 

4. 5x10 14 

4.0xl0 14 

3 

Heat compatibility (1) 

2. 33x10 14 

2. 5x10 14 

2. 0x10 14 

3 

Heat compatibility (1) 
plus 30 day thermal 
vacuum (2) 

1.7 1x10 14 

1.89xl0 14 

1.52x10 14 

3 


Table 6. Volume Resistivity (ASTM D257) 
@ 1000 VDC 


Baseline 

6. 67x10 14 

l.OxlO 15 

5. 0x10 14 

Heat compatibility (1) 

2. 83x10 14 

5. 0x10 ^ 4 

1.5x10 14 

Heat compatibility (1) 
plus 30 day thermal 
vacuum (2) 

3.01xl0 14 

3. 14x10 14 

2.74xl0 14 



(1) Reat compatibility - 570 hours at 275 F (408 K) in 

atmosphere. 

(2) Tested at 1x10”^ Torr after exposure for the specified 
length of time at 150°F (338°K) and lxl&~° Torr. 





































Vespel SP-1 


Table 7. Dielectric Constant (ASTM D150) 
< a 1 MHZ 


Exposure 

Average 

High 

Low 

Samples 

Tested 

Baseline 

2.94 

2.98 

2.90 

3 

Heat compatibility (1) 

2.91 

2.96 

2.84 

3 

Heat compatibility (1) 
plus 30 day thermal 
vacuum (2) 

2.87 

2.92 

2.84 

3 


Table 8. Dissipation Factor (AS1M D150) 
@ 1 MHZ 


Baseline 

0.00046 

0.00047 

0.00046 

3 

Heat compatibility (1) 

0.00109 

0.0011 

0.00106 

3 

Heat compatibility (1) 
plus 30 day thermal 
vacuum (2) 

0.00016 

0.00016 

0.00015 

3 


(1) Heat compatibility - 570 hours at 275°F (408°K) in 
Nj atmosphere. 

(2) Tested at lxl0~^ Torr after exposure for the specified length 
of time at 150°F (338°K) and 1x10*° Torr. 
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Chemical Characterization Summary 

Mix ratio: As Received 

Cure : As Received 

1. Isothermal Weight loss j.n Nitrogen: 0.13% 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. TGA Conditioning: 

Vacuum: 24 hr at 23°C (296°K) and 45% RH 

Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 25°C-400°C (298°K-673°K) 


a * 10% of initial weight 

o 


k - 76 

In Nitrogen: 

Over the range: 


exp 


( 1 7740 \ 

1.98 T°K/ 


min 


-1 


a = 
o 


of initial weight 
exp | 


(i.98 T°k) 


min 


-1 


Time to 17. Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 
100°C (373°K) 
150°C (423°K) 

1.4xl0 3 

2.8xl0 2 

81 



Pi29 




WEIGHT LOSS 

















#92 Tape 

MASS NUMBER AND RELATIVE PEAK INTENSITY ( Co rO 


TEMPERATURE, °C 



43 I 475 

44 

59 

750 

61 220 

129 275 

58 1015 3046 

200 406 

323 419 

40 130 

133 
50 
83 

52 

40 


432 553 

52 127 

253 278 

62 101 

671 1021 

61 105 

59 104 


64 85 


296 

210 240 619 

63 

146 319 557 

182 266 620 

113 1649 1867 

71 260 380 

134 214 

67 151 


1240 806 
139 106 
123 240 


57 


83 

















CPR 17-2C 


Chemical Characterization Summary 

Mix ratio: 100 pbw of A to 26 pbw of B 

:ure: 2 hr at 250 C (523°K) 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. TGA Conditioning: 

TGA Vacuum: 24 hr at 23°C (296°K) and 45% RH 
Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 180°C-380°C (453°K-653°K) 


a * 827* of initial weight 


k - 1.1x10 


15 /- 40000 \ 

exp I I 

\1.98 T°K/ 


In Nitrogen: 

Over the range: 


a * 
o 


of initial weight 
exp; 


^ 1 .98 T°K^ 


min 


-1 


min 


Ti me to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 
100°C (373°K) 
150°C (423°K) 

3.4xlO U 

1.9x10® 

2.9xl0 5 




WEIGHT LOSS 
























































Eccofoam FPH/12-6H 


Chemical Characterization Summary 

Mix ratio: 100 pbw of resin to 75 pbw of catalyst 
Cure: 24 hr at room temperature 

1. Isothermal Weight loss in Nitrogen: 0*51% 

2. Steady-State Vacuum Condensible Degassing Rate: 5.643x10 %/day 

3. TGA Conditioning: 

. Vacuum: 100 hr at 125°C (398°K) in N 2 atmosphere 

:U " Nitrogen: 24 hr min at 23°C (296°K) and 45% RH 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 200°C-350°C (473°K-623°K) 

a - 79% of initial weight 

o 



In Nitrogen: 

Over the range: 170°C-385°C (443°i:-658 0 K) 


a = 62% of initial weight 

o 



Time to^ 17. Weight Loss at Temperature T 


* 

Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 

100°C (373*V> 

150°C (423 'k) 

4.8x10® 

6.1xl0 4 

2.1xl0 3 

7.7x10® 

2.2x10® 

2.5xl0 4 


Pu6 
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Eccofoaa FPH/12-6H 


















Eccofoam FPH/12-6H 














Eccofoam FPH/12-6H 


Table 2 Dielectric Constant at 1 MHz (ASTM D1673) 


Exposure 

mm 

High 

Low 

Samples 

Tested 

Baseline (1) 

1.08 

1.08 

1.07 

5 

Heat compatibility (2) 

1.08 


1.07 

5 

Heat compatibility (2) 
plus 30 days thermal 
vacuum (3) 

1.08 

1.08 

1.08 

5 


(1) Mixed in the ratio of 50 pbv resin to 37.5 pbw 
catalyst and cured 24 hours at room temperature 

(2) 570 hours at 275°F (408°K) In Nj atmosphere 

(3) Tested at 10 ^ Torr after exposure for the specified 
time at 150°F (338°K) and 10" 6 Torr. 


Pul2 
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Soli thane 113/C113-300 


Chemical Characterization Summary 

Mix ratio: 100 pbw of 113 to 73 pbw of C113-300 

Cure: 48 hr at 225°F (394°K) 

1. Isothermal Weight loss in Nitrogen: 0.75% 

2. Steady-State Vacuum Condensible Deg.issing Rate: 3.8xl0 - ^ %/day 


3. TGA Conditioning 
T( ,. Vacuum: 


Vacuum: 24 hr at 23°C (296°K) and 45% RH 


-L t irA OH 

Nitrogen: 24 hr at 23 C (296 K) and 45% RH 
4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 25°C-285°C (298°K-558°K) 
a = 0.9% 0 f initial weight 


k = 4.3x10 
In Nitrogen: 


7 /- 22800 \ 

exp I ] 

\l.98 T°K/ 


. -1 
mm 


Over the range: 25°C-350°C (298°K-623°K) 


= 19.8%of initial weight 


k = 1.4x10 exp | 


37400 
.98 T°K 


| min * 


Time to 17. Weight Loss at Temperature T 

Time (Sec) 


Temp 

In Vac 

In Nitrogen 

50°C (323°K) 

4. 4x10 7 

l.lxlO 9 

100°C (373°K) 

3. 7xl0 5 

4.4xl0 5 

150°C (423°K) 

9xl0 3 

1x10 3 


Pul3 





WEIGHT LOSS 
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Solithane 113/CH3-300 
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Solithane 113/C113-300 

Table 2 Hardness* (ASTM D2240) 


Exposure 

High 

Low 

Average 

Samples 

Tested 

Baseline 

57 

Shore A 

55 

Shore A 

56 

Shore A 

5 

Heat Compatibility(l) 

59 

Shore A 

56 

Shore A 

57 

Shore A 

5 


Table 3 Volume Resistivity* (ASTM D257) 
@ 500 VDC 


Baseline 

1.25xl0 15 

l.OxlO 14 


5 


Table 4 Dielectric Constant* (ASTM D150) 
@ 1 MHz 


Baseline 

3.87 

2.63 

3.08 

5 


Table 5 Insulation Resistance * (AS~n D257) 
@ 100 VDC 


Baseline 

9.0xl0 15 

4.8xl0 15 

6. lxlO 15 

5 

Heat Compatibility( 1) 

l.lxlO 13 

12 

5. lxlO 1 ^ 

7.4xl0 12 

5 

Heat Compatibility 
Plus 48 hrs at 507. 
R.H. 

1.8xl0 13 

8.1xl0 12 

13 

1.3xl0 1J 

5 

1 Month 

Thermal Vacuum (2) 

2.3xl0 15 

1.4xl0 15 

1.9xl0 15 

5 


★Cured 1 hour at 275°F (408°K) 

(1) Heat Compatibility - 575 hours at 275°F(408°K) in N 9 atmosphere 

_5 1 

(2) Thermal Vacuum - Tested at 1x10 Torr after the specified 

exposure time at 150°F (338°K) and 1x10“^ Torr 
preceded by heat compatibility 
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Cho-Seal 1224 


Chemical Characterization Summary 

Mix ratio: /s received sheet stock ~ 

Cure: As received. Postcured 24 hr at 350°F (450°K) at 1x10 Torr 

1. Isothermal Weight loss in Nitrogen: 0.02% 

-4 

2. Steady-State Vacuum Condensible Degassing Rate: 2.2x10 %/day 


3. TGA Conditioning: 

Tr , Vacuum: 100 hr at 125°C (398°K) in N£ atmosphere 
Nitrogen: 24 hr at 23°C (296°K) and 45% RH 


4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 330°C-720°C (603°K-993°K) 

a = 19% of initial weight 

o 



In Nitrogen: 

Over the range: 300°C-660°C (603°K-933°K) 
' = 19% of initial weight 



Time to IX Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 
100°C ( 373 °K) 
1 50°C (423°K) 

6. 0x10 10 
4 .OxlO 8 
8.2xl0 6 

5.5xl0 13 

1.2xl0 lft 

2.5xl0 7 







Cho-Sul 1224 


MAS NlMER MO RELATIVE PEAK IRTENSm 
TEMPERATURE. # C 
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Cho-Seal 1224 


Table 3 Hardness* (Shore A)(FTMS 601 Method 3021) 


Exposure 

Average 

High 

Low 

Samples 

Tested 

Baseline 

60 

63 

59 

5 

Heat Compatibility 1) 

59 

60 

57 

5 


Table 4 Comprespion Set (ASTM D395-61) 


Baseline 

6.207. 

8.78% 

2.11% 

3 

Heat Compatibility ' 1) 

13.14% 

13.80% 

11.84% 

3 

Heat Compatibility 
Plus Thermal Vacuum 
(1)(2) 

10.39% 

10.77% 

9.80% 

3 


♦Postcured 24 hours at 3S0°F(450°K) at a pressure of 1x10 ^ Torr 

(1) Heat compatibility - 379 hours "t 275°F(408°K) in an 

atmosphere 

(2) Tested at a pressure of 1x10’^ Torr after 37 days at 150°F(338°K) 
at a pressure of lxl0~6 Torr 
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Cho-Seal 1224 


Table 5. Volume Resistivity* (ASTM D257) 


Exposure 

High 

Low 

Average 

Samples 

Tested 

Baseline 

9.8xl0" 4 

3.0x10 ^ 

6.2xl0* 4 

3 

Heat Compatibility( 1) 

1 

o 

H 

X 

o 

• 

00 

4.9xl0 -4 

5.9xl0* 4 

3 

Thermal Vacuum(2) 

4.9xl0 -4 

4.5x10 4 

4.8x10 4 

3 


*Postcured at 24 hrs at 350°F (450°K) at 1x10 ^ torr 

(1) Heat compatibility - 379 hrs at 275°F (408°K) in Nj atmosphere 

(2) Thermal Vacuum - tested at 1x10 torr after 37 days at 

150°F (338°K) and 1x10 ^ torr 




DC6-1102 


Chemical Characterization Summary 

Mix ratio: As received 

Cure : As received 

1. Isothermal Weight loss in Nitrogen: 0.09% 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. TGA Conditioning: 

Vacuum: 24 hr at 23°C (296°K) and 45% RH 

Nitrogen: 

4. Activation Energy of Decomposition: 


In Vacuum: 

Over the range: 25°C-550°C (298°K-823°K) 

a ■ 22% o L initial weight 

o 



In Nitrogen: 

Over the range: 

a s of initial weight 

o 



Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec/ 

In Vac 

In Nitrogen 

50°C (323°K) 

2.6xl0 5 


100°C ( 373°K) 

3.6xl0 4 


150°C (423°K) 

8.0xl0 3 



hm : 




WEIGHT LOSS 
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*SS HUMBER AND RELATIVE PEAK INTENSITY 

temperature. °C 



Of POOR 
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DC6-1104 


Chemical Characterization Summary 

Mix ratio: Single component 

Cure: 7 days at room temp at 50% RH 

1. Isothermal Weight loss in Nitrogen: 0.26% 

2. Steady-State Vacuum Condensible Degass - rj Rate: 

3. TGA Conditioning: 

Vacuum: 24 hr at 23 C (296 K) and 45Z RH 

Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 180°C-750°C (453°K-1023°K) 

a = 76% of initial weight 

o 



In Nitrogen: 

Over the ^ango: 

a = of initial weight 

o 



Time to 17. Weight Less at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrc 0 en 

■>0°C (323°K) 

8.9xl0 9 


100°C (373°K) 

1.1x10^ 


1 50°C (423°K) 

3.6xl0 6 

1 
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MASS NIMER MO RELATIVE PEAK INTENSITY 
TEMPERATURE, r C 
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DC6-1106 


Chemical Characterization Summary 

Mix ratio: 100 pbw of resin to 10 pbw of catalyst 
Cure: 7 days at room temperature 

1. Isothermal Weight loss in Nitrogen: 0.35% 

2. Steady-State Vacuum Condensible Degassing Rate: 2.645x10 * %/d ay 

3. TGA Conditioning: 

Vacuum: 100 hr at 125°C (325°K) in N 2 atmosphere 
1 ' tA Nitrogen: 24 hr at 23°C (296°K) and 45% RH 

4. Activation Energy of Decomposition: 

In Vacuum: Not amenable to analysis 

Over the range: 

a = of initial weight 

o 0 



In Nitrogen: 

Over the range: 350°C-750°C (623°K-1023°K) 
a ^ = 79% of initial weight 



Time to 17. Weight Loss at Tempe » a i .ure T 


Temp 

Time (Sec' 

In Vac 

In Nitrogen 

50°C ( 323°K) 


5.5xl0 9 

100°C ( 373°K) 


6.2xl0 7 

1 50°C (423°K) 


1.9xl0 6 


S18 



WEIGHT LOSS 



WEIGHT LOSS 




WEIGHT LOSS 
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HASS NUMBER AND RELATIVE PEAK INTENSITY (Cont) 


TEMPRATURE, °C 
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Chemical Characterization Sunmiary 

Mix ratio: Single component Q Q 

Cure: 48 hr at room temperature plus 48 hr at 255 F (397 K) 

1* Isothermal Weight loss in Nitrogen: 0.18% 

2. Steady-State Vacuum Condensible Degassing Rate: 7.33x10 ^ %/day 


3. TGA Conditioning: 

TGA Vacuu ^ : 100 hr at 125°C (325°K) in N£ atmosphere 
Nitrogen: 24 hr at 23°C (296°K) and 45% RH 

4. Activation Energy ot Decomposition : 

In Vacuum: 


Over the range: 25°-650°C(298 o K-923 o K) 
= 34% of initial weight 



In Nitrogen: 

Over the range: 25"C-65C°C (298°K-923°K) 

a = 55% of initial weight 

o 



Time to IX Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 

1.6xlO U 

lxlO 15 

1()0°C (373°K) 

6x10® 

CNJ 

o 

r-H 

X 

f-H 

150°C (423°K) 

8>:10 6 

8.8xl0 10 


S23 
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DC 92-007 


Table 1 Emissivity 


■ ■ — 

Exposure 

Average 

High 

Low 

Samples 

Tested 

Baseline* 

0.86 

0.86 

0.85 

3 

Heat compatibility (1) 

0.86 

0.86 

0.86 

5 

Heat compatibility plus 
30 day thermal vacuum (1)(2) 

0.84 

0.84 

0.84 

5 

Table 2 

Absorptivity 



Baseline* 

0.20 

0.21 

0.20 

5 

Heat Compatibility (1) 

0.20 

0.20 

0.19 

5 

Heat Compatibility plus 
30 day thermal vacuum ( 1 ) ( 2 ) 

0.22 

0.22 

0.22 

5 


*Cured 48 hours at room temperature plus 48 hours at 
255°F (39 7°K) 

(1) Heat compatibility - 570 hours at 275°F (408°K) In 

atmosphere 

(2) Thermal Vacuum - tested In air after the specified exposure 
time at 150°F (338°K) and 1x10 ® Torr 
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Chemical Characterization Suinma n ~ 

Nix ratio: IOC ybw of resin to 10 pbw of hardener 
Cure: 24 hr at room temp plus ^ hr at 65 C (338°K) 

1. Isothermal Weight loss in Nitrogen: 0.04% 

?. Steady-State Vacuum Condensible Degassing Rate: not measurable 
3. TGA Conditioning: 

tca ’•* i tauin: 24 h: at 23°C (29b\) and 45% RH 

Xicn-gen: 24 nr at 23°C (296°K) and 45% RH 


4. Ac tivaf.ru Energy of Decomposition : 

In Vacuum: 

Over the range: 25 C C-580°C (298°K-853°K) 

a = 12.5% of initial weight 



In Nit i gen: 

Ovc" the range: 25°C-48C°C (298°K-753°K) 

a = 10% of initial weight 

a 



Tint' to U Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

S0°C (323°K) 

6.6xl0 5 

3xl0 8 

100°c ( 373°K) 

4.5xl0 4 

l.lxlO 7 

150°C (423°K) 

5.8xl0 3 

8.7xl0 5 


\ 

i 


1 
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WEIGHT 


31 


25 


J L_ 

473 


Fumaoe Pressure 


i Vbcuum 

f J 

TGA 

i j 

i ; 

1 i j 

i 1 

!_\j 

1 


673 

773 

873 °K 

400 

1 — r 

500 

1 

600 °C. 

1 ! 
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WEIGHT LOSS 
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Chemical Characterization Summary 

Mix ratio: As received 

Cure: As received 

1. isothermal Weight loss in Nitrogen: 0.92% 

? . Steady-State Vacuum Condensible Degassing Rate: 4.06x10 


3. TCA Condit ioning : 

Vacuum: 24 hr at 23°C (296°K) and 45% RH 

llin 

Nitrogen: 

*+ . Activation Energy of Decomposi t ion : 
in Vacuum: 

Over the range: 25°C-450°C (298°K-72!3 \) 


a = 14% of initial weight 

o 



In Nitrogen: 

Over the range: 

a = of initial weight 



Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C ( 323°K) 

12 

9.6*10 


1(H)°C ( 373°K) 

1.2x10 


150°C (423°K) 

6 .6x10 7 



%/day 
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MSS NUMBER AND RELATIVE PEAK INTENSITY 
TEMPERATURE, °C 



1 


p ftMITNAL PAGE IS 
OP POOR QUALITY 













MS40G08 


sxATIVE PEAK INTENSITY (Cont) 
[MPERATURE, °C 


550 


060 


4160 5440 

419 5C7 


69 

750 

117 

139 


99 

1003 

169 

212 


22C 

74 

344 


304 

102 

418 


293 


422 

369 




Silicone Tape Series 600 


Chemical Characterization Summary 

Mix ratio: As received 

Cure: 46 hr at room temperature 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 


3* TGA Conditioning: 

Vacuum: None (Room Ambient) 

Nitrogen: 

4. Activatiun Energy of Decomposition: 


In Vacuum: 

Over the range: 130°C-575°C (403°K-843°K) 

a = 27% of initial weight 

o 



In Nitrogen: 

Over the range: 


a = of Initial weight 

o 



Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitr< >'n 

50°C ( 323°K) 
100°C (373°K) 
1 30°C (423°K) 

2.2xl0 13 

3.0xl0 10 

1.9x10® 
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In Ml regent 

Over the range • 350°C-650°C (623°K-923°K) 


n = 68% of initial weight 

o 
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RTV 511 , Modified 





Table 1 Emissivity, Normal 


RTV 511, modified 


Exposure 

Average 

High 

Low 

Samples 

Tested 

Baseline* 

0.90 

0.90 

0.90 

5 

Heat compatibility (1) 

0.90 

0.90 

0.90 

5 

Heat compatibility plus 
30 day thermal vacuum ( 1 ) (2 ) 

0.89 

0.89 

0.88 

5 


Table 2 Absorptivity, Solar 


Baseline* 

0.23 

0.23 

0.23 

5 

Heat compatibility (1) 

0.23 

. 

m 

0.23 

5 

Heat compatibility plus 

30 day thermal vacuum ( 1 ) (2 ) 

, .... . _ . . .... - ! 

0.26 

0.26 

0.26 

5 

Heat compatibility plus 
90 day thermal vacuum ( 1 ) (2 ) 

0.25 

0.25 

0.25 



*Cured 24 hours at room temperature plus 24 hours at 
255°F (397°K) 

(1) Heat compatibility - 570 hours at 275°F (40f P K) in 
N^, atmosphere 

(2) Thermal Vacuum - tested in air after the specified exposure 
time at 150°F (338°K) and 1x10 0 Torr 

t 
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ZP 5044 Silicone Gasket 


Chemical Characterization Summary 

Mix ratio: As received 

Cure: As received 


1. ! St* thermal Weight loss in Nitrogen: 

2 . Steady-State Vacuum Condensible Degassing Rate: 1.6 x 10"^ %/da 

3 . I f A Ct ind i t i * suing : 

T(IA Vacuum : 24 hrs at 23°C (296°K) and 45% RH 

Nitrogen: 


. Activation Energy of Decomposition: 

In Vacuum: 

V>vc r thn ranRe: 300°C - 600°C (573°K - 873°K) 


- 16% oj initial weight 



In Nitrogen: 

Over the range; 

n ^ r: el initial weight 



lime to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

■j 1 1°(’. ( 323°K) 

4 x 10 10 


10(V< ( )73°K> 

2.1 x 10 8 


1 >n°r ( 4?3°K) 

6 

4 x 10 




































ZPb044 Silicone Gasket 
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Teflon Lacing Tape 


Chemical Character i zation Summary 

Mix ratio: hs received 

c.re: As received 

1. isothe' nal Weight loss in Nitrogen: C . 7;i% 

2. Stead} -State Vacuum Condensible Degassing Rato: 3.709x10 ^ %/day 



i 

'£ 


3. TO A Cord it inning: 

, Vacuum: 100 h” at 125°C (398°K) in N,. atmospnere 

Nitrogen: 24 hr at 23°C (296°K) and 55% RH 

4. Activation Energy of Decomposition : 

In Vacuum 

Over the range: 140°C-300 c C <413°K-573°K) 


a = 5% of initial weight 

o 



In Nitrogen: 

Over the range: H0°C-300°C (4I3°K-573°K) 
a = 5% oi initial weight 



Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C ( 323 K) 

1.6xl0 6 

1.2xl0 5 

1 1 )()°C (373°K) 

4.6x10^ 

8.5xl0 3 

150°C (423°K) 

3x10 3 

1.1x10 3 


T1 
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Teflon Sheet TFE, Mil-P-22241 


Chemical Charac to rization Summary 

Mix ratio: As received 

Cure: As received 

1. Isothermal Weight loss in Nitrogen: 0.01% 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. TGA Conditioning: 

Vacuum: 24 hr at 23°C (296°K) and 45% RH 

i tiA . 

Ni trogen : 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 450°C- 580°C (723°K-853°K) 


a = 6% of initial weight 



In Nitrogen: 

Over the range: 

= of initial weight 



Time to 1% Weight Loss at Temperature T 


Temp 

Time (Sec) | 

In Vac 

In Nitrogen 

5 0°C (323°K) 
100°C ( 373°K) 
150°C (423°K) 

4.6xl0 33 

1.9xl0 25 

3.9xl0 20 



T7 






























Chemical Charac to r iza t ion Summary 
Mix ratio: As received 

Curt : Shrunk with heat gun at temperatures in excess of 350°F (450°K) 

L . Isothermal Weight loss in Nitrogen: 0.01% 

?. Steady-State Vacuum Condensible Degassing Rate: 


TCA Conditioning: 

,,, » Vacuum: 24 
LoA 


Vacuum: 24 hr at 23°C (296°K) and 45% RH 


Nitrogen : 

Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 380°C-560°C (653°K-833°K) 
a = 23% oi initial weight 


, , ,„18 / -69300 

k = 3. 3x10 exp I 

\ 1 .98 T°Kj 


1 n Nitrogen: 

Over the range: 

a = of initial weight 


, P ('- — \ 

y 1 .98 T°K I 


min ^ 


l ime to 1% Weight Loss at Temperature T 

Time (Sec) 

K ‘"P In l l.ir 1 Tn Nit rnci'r 


50°C ( 323°K) 
100°C (373°K) 
150°r. ( 423°K) 


Time (Sec) 

In Vac 

In Nitrogen 

2xl0 28 

IxlO 22 

1.5xl0 17 
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Diall FS-80, Black, Mil-P-19833 Type GOl-30 


Chemical Characterization Summary 

Mix ratio: As received 

Cure: As receiv'd 

1. Isothermal Weight loss in Nitrogen: 0.55% 

2. Steady-State Vacuum Condensible Degassing Rate: 


3. TCA Conditioning: 

Vacuum: 24 hr min at 23°C (296°K) and 43% RH 

Nitrogen: 


4. Activation Energy of Decomposition: 

In Vacuum: 

Over the r^nge: 25°C-320°C (298°K-593°K) 


a = 7% of initial weight 



In Nitrogen: 

Over the range: 


=' of initial weigh* 



Time to VS, Weight Loss at Tenperaturc T 


To up 

“.’■nr (Sec) 

In Vac 

In Nitrogen 

30°C ( 32 3°K) 
:00°C (373°K> 
1S0°C (423°K) 

. 10 
4.5xin 

5.6xl0 7 

3.2x10"* 

i 


i 

1 
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MASS UWi* AND UIATIYF. PE AK INTENSITY 


tMPtRATURE, °C 
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Lull FS-80, Plick Ml 1 -P-19833 Type GDI-30 

MASS NUtVER AND RELATIVE REAR INTENSITY (Cont) 
TEMPERATURE. °C 
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Din 11 FS-80 , Black, Mil-P-19833 Type COI-30 


Table 2. Dielectric Constant (ASTM D150) 
<3 1 MHZ 


Exposure 

Average 

High 

Los 

Samples 

Tested 

Baseline 

3.79 

3.81 

3.78 

3 

Heat compa tibil ity( 1 ) 

3.60 

3.69 

3.40 

3 

Heat compa t ibility( 1) 
plus 30 day thermal 
vacuum (2) 

3.43 

m 

3.33 

3 


Table 3. Dissipation Factor (ASTM D150) 
@ 1 MHZ 


Baseline 

0.012 

0.013 

0.012 

3 1 

Heat compatibility( 1) 

0.009 

0.011 

0.007 

3 

Heat compa tibility( 1) 
plus 30 day thermal 
vacuum (2) 

1 

0.002 

0.003 

0.001 

3 


Table 4. Volume Resistivity (ASTM D237) 
Q 1000 VDC 


Baseline 

l.lxlO 14 

1.2x1 0 14 

l.lxlO 14 

3 

Heat compatibility( 1) 

1.25xl0 15 

1.4xl0 15 


3 

Heat compa t i bi 1 i ty( 1 ) 
plus 30 day thermal 
vacuum (2) 

13 

4.7x10 

13 

4.9xl0 1J 

1 

13 

4.6xlO iJ 

3 


(1) Heat compatibility - 380 hours at 275°F (408°K) in atmosphere 


(2) Tested at 1x10 Torr after exposure for the specified length of 
time at 150°F (338°K) and lxl0" b Torr. 
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LubeLok 4306 


Chemical Characterization Summary 

Mix ratio: As received 

Cure: As received 

1. Isothermal Weight loss in Nitrogen: 0.0% 

2. Steady-State Vacuum Condensible Degassing Rate: 


2.084x10 %/day 


3. TCA Condit ioning: 

Tga Vacuum: 24 hr at 22°C (296°K) and 45% RH 
Nitrogen: 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 220°C-600°C (473°K-873°K) 

a ^ = 34% of initial weight 

* ~ in 6 /-21900 \ -i 

k = 3.2x10 exp ( ] min 

\1.98 T°K/ 

In Nitrogen: 

Over the range: 

a ~ of initial weight 


exp [ — 1 min ^ 

V 1.98 T°K / 


Time to 1% Weight Loss at Temperature T 

Time (Sec) 

In Vac In Nitrogen 

(323°K) 1 . 4xl0 8 

c: ( 373°K) 1.4xl0 7 

y < a n O.. V - A 4 /\^ 
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l ubelok 4306 


MASS NU*ER ANO RELATIVE PEAK IHTENSITV (Cont) 
TEMpfkATURE, °C 




25 


250 


350 


55 


450 

45 

94 

40 


53 


94 

40 


550 


52 
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Min-K-2000 


Chemica 1 Characterization Summary 

Mix ratio: As received 

Cure: As received 

1. Isothermal Weight loss in Nitrogen: 1.07% 

2* Steady-State Vacuum Condensible Degassing Rate: 9.068x10 " 6 %/, 

3. iCA Cuud i t ion iug : 

T('A Vacuum: 100 hr at 125°C (398°K) in N„ atmosphere 

Nitrogen: 24 hr at 23°C (296°K) and 55% RH 

4. Ac Li vat ion Energy of Decomposition: 

in Vacuum: Not amenable to analysis 

Over the range: 


a - of initial weight 

u 



In Nit rogt n : 

Over the rnngo : 300°C-750°C (573°K-1023°K) 


a - 5% of initial weight 

O 



Time to 1 


Temp 

3()°C ( 323°K) 
loo'c: ( 373°K) 
1 50°C (423°K) 


% Weight Loss at Temperature T 
Time (Sec) 


I n Vac 


In Nit rogt n 

7 . lxlO 3 
1.4xl0 3 
4.2xl0 2 



WEIGHT LOSS 



M12 


WEIGHT LOSS 



WEIGHT 



WEIGHT 
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Min-K-2000 


Table 1. Dimensional Stability (ASTM C548) 


Specimen 

Before Expo ure 

After Heat Compatibility (1) 
and Thermal Vacuum (2) 


Length 

Width 

Thickness 

Length 

Width 

Thi cknecs 

i 

10.93 ir 

2.97 in. 

1.48 in. 

10.96 in. 

2.97 in. 

1.48 in. 

2 

11.00 

2.95 

1.48 

11.00 

2.98 

1.47 

3 

9.95 

3.00 

1.48 

9.95 

2.99 

1.47 


(1) Heat compatibility: 383 hours @ 275°F (408°K) 

(2) Thermal vacuum: nine veeks @ 150°F (338°K) at 1x10 ^ Torr 


Table 2. Soaking Heat (ASTM C356) 



Before Exposure 

After Exposure (1) 

Leng-h 

11.0 in. 

10.94 in. 

Width 

2.98 

2.94 

Th ickness 

1 .47 

1.44 

Weight 

247.0 gm 

234.3 gm 


(1) Exposure: 28 min. in. N,, at 1780°F ( 1243°K) 


Table 3. Thermal Conductivity* (ASTM C177) 



Btu-in. /hr/ft^/°F 

Control (air) 

0.19 7 

Tost ( 10 Torr 0 0 ) 

0.062 

1 


* at 275°F (408°K) 






Tables . Compressive Strength (ASTM C165) 
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Chemical Characterization Summary 

Mix ratio: As Received 

Cure : As Received 

1. Isothermal Weight loss in Nitrogen: 

2. Steady-State Vacuum Condensible Degassing Rate: 

3. 1'GA Conditioning: 

Vacuum: None (Room Ambient) 

iGA M . . 

Nitrogen : 

4. Activation Energy of Decomposition: 

In Vacuum: 

Over the range: 325°C-410°C (598°K-683°K) 
a = 13% of initial weight 


k - 2.1x10 


( - 72000 \ 
1.98 T°K/ 


In Nitrogen: 

Over the range: 

* of initial weight 

k * exp [ I 

\ 1.98 T°K / 


Time to 1% Weight Loss at Temperature T 


Temp 

5()°C (323°K) 
1()0°C (373°K) 
150°C (4?3°K) 


| Time (Sec) 

In Vac 

In Nitrogen 

2.5xl0 25 

6.7xl0 18 

5.9xl0 13 
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HASS NUWER AND RELATIVE PEAK INTENSITY 


TEMPERATURE , °C 



Ml 9 





Tape P292 


WSS NIMER AND RELATIVE PEAK INTENSITY (Cont) 
TEMPERATURE, °C 


\ 

I 







1 


Chemical Characterization Summary 

Mix ratio: As received film 

Cure: As received 

1. Isothermal Weight loss in Nitrogen: 0% 

2. Sceady-Sta to Vacuum Condensible Degassing Rate: 


Parylene C 


3. TGA Conditioning: 

T _ A Vacuum: None (Room Ambient) 

I CA . 

Nitrogen : 

4. Activation Energy oi Decomposition: 

In Vacuum: 

Over the range: 25°C-240°C ( 298°K-513°K) 

a = 2% of initial weight 


k = 3x10 


( 2 20200 \ 

1.98 T C K J 


\n Nit rogen : 

Over the range: 

n = of initial weight 


— \ 

y 1.98 T°K/ 


. -1 
m\n 


. -1 

nun 


Temp 

Time (Sec) 

In Vac 

In Nitrogen 

50°C (323°K) 

l.lxlO 4 


10l)‘’c ( 373°K ) 

1.5xl0 2 


1 bO°C (423°K) 

1 

6 
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Vac Kote Typ^ II 


Chemical Characterization Summary 

Mix ratio: As received 

Cure: As received 

1. Isothermal Weight loss in Nitrogen: 0.005% 

?. Steady-State Vacuum Condensible Degassing Rate: 8.2xJ0 ^ day 


VGA Condi t ioning: 
T(<A Vacuum: 


Vacuum: 24 hr at 23°C (296°K) and 45% RH 


Nitrogen: 

Activation Energy of Decomposit ion : 

In Vacuum: 

Over the range: 50°C-510°C (323°K-783°K) 

a = 25% of initial weight 

o 

, q in 9 33900 \ .i 

k = 4*3x10 eX p | j m £ n 

\1.98 T°K/ 

Tn Nitrogen: 

Over the range: 


of initial weight 


(i.98 T°k) 


Temp 

Time (Sec) 

Tn Vac 

In Nitrogen 

50°C (323°K) 

1.5xl0 13 


100°C ( 373°K) 

1 . 2xl0 10 


150°C (423°K) 

5.2xl0 7 

1 



H25 


















